Bacterial (1) and by Baddiley and coworkers (2), teichoic acids have been the subject of many structural, biosynthetic, and immunological studies (3, 4). Little is known of their physiological role other than as bacteriophage attachment sites (5-9), although roles in wall protection and in magnesium metabolism have been postulated (10). Since the diester linkages of teichoic acids are resistant to all known enzymes including nucleases, structural studies have depended on blunt and laborious dissections by chemical methods. To meet the needs of structural studies and to find delicate methods to remove teichoic acid from membranes and from walls of living cells for physiological studies, we instituted a search for soil organisms that produce teichoicases. We report here the detection and isolation of a gram-negative bacterium, designated strain TAE, "teichoic-acid eater", that can incorporate phosphorus from agar containing a purified cell wall fraction of 32P-labeled Bacillus subtilis ATCC 6051 (the Marburg strain) as sole phosphorus source. This wall teichoic acid is poly(glycerophosphate), fully substituted with a-glucoside residues on the 2 position of the glycerol (11, 12 
Teichoic acids are phosphodiester-linked bacterial polymers of glycerol phosphate or ribitol phosphate, often with Dalanine and sugar substituents as well. Glycerol teichoic acids are found in association with the plasma membrane of most, if not all, gram-positive bacteria, and glycerol or ribitol teichoic acids also occur in the walls of many gram-positive bacteria. They may comprise as much of 10% of the dry weight of bacterial cells. Since their discovery by Mitchell and Moyle (1) and by Baddiley and coworkers (2) , teichoic acids have been the subject of many structural, biosynthetic, and immunological studies (3, 4) . Little is known of their physiological role other than as bacteriophage attachment sites (5) (6) (7) (8) (9) , although roles in wall protection and in magnesium metabolism have been postulated (10) . Since the diester linkages of teichoic acids are resistant to all known enzymes including nucleases, structural studies have depended on blunt and laborious dissections by chemical methods. To meet the needs of structural studies and to find delicate methods to remove teichoic acid from membranes and from walls of living cells for physiological studies, we instituted a search for soil organisms that produce teichoicases. We report here the detection and isolation of a gram-negative bacterium, designated strain TAE, "teichoic-acid eater", that can incorporate phosphorus from agar containing a purified cell wall fraction of 32P-labeled Bacillus subtilis ATCC 6051 (the Marburg strain) as sole phosphorus source. This wall teichoic acid is poly(glycerophosphate), fully substituted with a-glucoside residues on the 2 position of the glycerol (11, 12) . This teichoicase is capable of depolymerizing several teichoic acids. In Chicago Actigraph III apparatus.
Other Materials. The plant lectin, concanavalin A, was obtained from CalBiochem. Yeast a-glucosidase was obtained from Sigma.
RESULTS

Isolation and properties of strain TAE
Autoradiography showed that a number of the colonies growing on Tris-low salts-glycerol agar containing 32p_ labeled B. subtilis walls had accumulated an appreciable amount of radioactivity. Colonies of one organism continued to accumulate radioactivity when isolated. An autoradiograph of a streak plate of this teichoic acid hydrolyzing strain, denoted TAE, is shown in Fig. 1 That strain TAE can stimulate the growth of neighboring phosphorus-limited colonies is shown in Fig. 2A 10-2 are optimal. Maximal enzyme activity values are obtained in minimal media independent of phosphate concentration, and are of the order of 84 nmol per mg of protein per hr by the assay with sub-optimal substrate concentrations. The enzyme was completely inactivated by boiling for 5 min. Only very low activities were obtained from cells grown in rich media. Enzymic activity could not be detected in culture medium at any stage of growth. The enzyme also degraded poly(glycerophosphate) and poly(ribitolphosphate).
Crude extracts of strain TAE degraded 82P-labeled teichoic acid of B. subtilis 6051 completely to inorganic phosphate, which was identified by chromatography in solvents 1, II, III, and IV.
Teichoicase activity from B. subtilis 6051 When B. subtilis 6051 was examined for teichoicase, considerable activity was found in extracts of cells grown in either rich broth or minimal media. Enzymic activity was highest in extracts of cells harvested in the stationary, sporulating phase. Dialyzed stationary-cell enzyme preparation, obtained from 100,000 X g supernatant fractions, gave maximal activity at pH 8.2 (data not shown). The cell extract also had a requirement for a divalent or polyvalent cation for activity.
This requirement could be satisfied by Mg++, Ca++, putrescine, spermidine, or spermine, but not by Mn++ (Table 1) . While the true in vivo activator is unknown, it is interesting to note that the concentration of polyamines reported for an unnamed B. subtilis strain, containing mostly spermidine with some putrescine, is about 8 mM (24).
10-fold lower concentrations of teichoic acid were used in Table 1 ,B. Under these conditions, Ca++ was much less effective as a cofactor than Mg++. As also shown in Table 1 , the plant lectin, concanavalin A, which has an affinity for a-glucosides (25), inhibits teichoicase activity. With 1 mg/ml of concanavalin A added, which yielded a molar ratio of 1 Proc. Nat. Acad. Sci. USA 69 (1972) Proc. Nat. Acad. Sci. USA 69 (1972) Only very low teichoicase activity is present in exponentially growing cells (<30 nmol per mg of protein per hr). As shown in Fig. 4 or one of several other teichoic acids (data not shown), the activity is less than 2% of the activity obtained with its own (B. subtilis Marburg) teichoic acid. Certainly teichoic acid must be produced in soil. Probably all gram-positive bacteria have at least a membrane teichoic acid, and many also have a teichoic acid in their walls so that, after such phosphate compounds as nucleic acids and phytic acid, teichoic acids may represent a sizeable fraction of the bound organic phosphorus produced in soil. The TAE enzyme, with its lack of metal requirement and low production in rich medium, has properties suggestive of food gathering. The B. subtilis enzyme, while possibly having this function, may have additional endogenous functions in wall teichoic acid turnover (28, 29) or in possible teichoic acid turnover in cell membranes. The high activity in sporulating cells strongly suggests a function in teichoic acid removal to produce the changes seen in teichoic acid concentrations in some spores (30) . It will be interesting to measure the production of the B. subtilis enzyme under conditions when teichuronic acids are produced instead of teichoic acid (31) , and in various classes of asporogenic sti ains.
